Crystal structure of chicken liver dihydrofolate reductase complexed with NADP+ and biopterin.
The 2.2-A crystal structure of chicken liver dihydrofolate reductase (EC 1.5.1.3, DHFR) has been solved as a ternary complex with NADP+ and biopterin (a poor substrate). The space group and unit cell are isomorphous with the previously reported structure of chicken liver DHFR complexed with NADPH and phenyltriazine [Volz, K. W., Matthews, D. A., Alden, R. A., Freer, S. T., Hansch, C., Kaufman, B. T., & Kraut, J. (1982) J. Biol. Chem. 257, 2528-2536]. The structure contains an ordered water molecule hydrogen-bonded to both hydroxyls of the biopterin dihydroxypropyl group as well as to O4 and N5 of the biopterin pteridine ring. This water molecule, not observed in previously determined DHFR structures, is positioned to complete a proposed route for proton transfer from the side-chain carboxylate of E30 to N5 of the pteridine ring. Protonation of N5 is believed to occur during the reduction of dihydropteridine substrates. The positions of the NADP+ nicotinamide and biopterin pteridine rings are quite similar to the nicotinamide and pteridine ring positions in the Escherichia coli DHFR.NADP+.folate complex [Bystroff, C., Oatley, S. J., & Kraut, J. (1990) Biochemistry 29, 3263-3277], suggesting that the reduction of biopterin and the reduction of folate occur via similar mechanisms, that the binding geometry of the nicotinamide and pteridine rings is conserved between DHFR species, and that the p-aminobenzoylglutamate moiety of folate is not required for correct positioning of the pteridine ring in ground-state ternary complexes. Instead, binding of the p-aminobenzoylglutamate moiety of folate may induce the side chain of residue 31 (tyrosine or phenylalanine) in vertebrate DHFRs to adopt a conformation in which the opening to the pteridine binding site is too narrow to allow the substrate to diffuse away rapidly. A reverse conformational change of residue 31 is proposed to be required for tetrahydrofolate release.